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ABSTRACT
Objective: To assess if the Rasch-scaled KIDSCREEN-52 generic health-
related quality of life measure was valid in children with cerebral palsy
(CP).
Methods: The Rasch measurement properties and differential item func-
tioning (DIF) of the KIDSCREEN-52 were examined in children with CP.
Data were available from the KIDSCREEN project from 3219 children
aged 8 to 12 years and 2126 parents in the general population; and from
the SPARCLE project from 501 children aged 8 to 12 years with CP and
823 parents. Analysis used Zumbo’s logistic regression DIF approach.
Partial credit model analyses were conducted.
Results: All items of the KIDSCREEN self-report version ﬁtted the partial
credit model (smallest P-value: 0.256). Only one item of the parent version
did not ﬁt the data well (smallest P-value 0.001). Statistically signiﬁcant
DIF was observed in some items, but was of substantial magnitude
(DR2 = 0.046, 0.049) for only two items in two dimensions of the parent
version. The practical impact of DIF was small. DIF-adjusted standardized
mean differences between children with and without CP being 1.07 and
0.34 for the physical and school dimensions, respectively (unadjusted:
1.09 and 0.16).
Conclusion: The KIDSCREEN-52 functions in a similar way in children
with CP and in the general population. Comparisons of quality of life
between such children are therefore likely to be valid.
Keywords: cerebral palsy, children and adolescents, differential item func-
tioning, quality of life, Rasch analysis.
Introduction
Care of disabled children is moving from a medical model, in
which disability is considered to reside in the child, to a social
model, in which disability is understood to result from the inter-
action between the child and his or her environment [1]. More
attention is now paid to outcomes directly relevant to a child
rather than medical and functional outcomes selected by a doctor
or therapist. Self-reported quality of life (QoL) is such an
outcome. High QoL is generally sought by the individual child
and by society for its children. It is not clear whether the QoL of
disabled children is similar to that of children in the general
population (GP) or not. This is important to study so that
assumptions are not made (e.g., by parents, guardians, teachers,
health professionals, and politicians) about how such children
feel about their lives. Giving a voice to the disabled child is a key
feature of two United Nations conventions [2,3].
The opportunity arose to investigate the QoL of disabled
children in the SPARCLE study, a cross-sectional survey in seven
European countries which examined the relationship of the
physical, social, and attitudinal environment of children with
cerebral palsy (CP) to their participation in everyday activities
and QoL [4,5]. CP is the commonest cause of signiﬁcant motor
impairment in childhood, with a rate of about 2.5 per 1000 live
births [6]. Children with CP are often also impaired in learning,
vision, communication, and hearing and so are good exemplars
of disabled children.
The KIDSCREEN Questionnaire was developed in the GP of
European children using focus group work to generate items,
exploratory and conﬁrmatory factor analytic techniques to
develop domains, and Rasch measurement analysis for further
reﬁnement of scales [7]. It assesses how children view their func-
tional ability and their physical, psychological, and social well-
being at home and at school. It has excellent psychometric
properties, with its validity, reliability, and Rasch properties
being demonstrated in multinational studies [8]. Analyses of
differential item functioning (DIF) showed that the items were
understood in a similar way across culture, age, and sex [7,8].
It is important to know whether the Rasch properties are
retained when the instrument is administered to disabled chil-
dren. If items ﬁt a Rasch model, it is justiﬁable to aggregate them
into a single score and treat the resulting scores as interval-scaled
measures [9]. The latter allows parametric statistical analysis,
which in turn allows linear regression analysis and other statistics
in epidemiological and intervention studies (e.g., calculating
mean QoL differences between children with and without CP in
order to quantify the impact of the condition; or calculating the
variance in QoL of children with CP and examining what pro-
portion of the variance is attributable to e.g., symptom seve-
rity, socioeconomic background, familial relation, and social
support). The calculation of difference scores (e.g., before and
after a medical or psychosocial treatment to quantify its impact
on QoL) also requires interval-scaled test scores.
However, direct comparison between disabled and nondis-
abled children is only meaningful if there is little DIF. All children
at a given level of the measured attribute should have an equal
probability of scoring on a particular item, whether disabled or
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not [10]. DIF denotes the situation where subjects from different
groups, with the same level of the attribute, respond with differ-
ent probabilities to items [11].
DIF can be also illustrated in terms of an “item response
function” (IRF). This describes how changes in the level of an
underlying attribute relate to changes in the probability of a
speciﬁc item response [9]. Figure 1 illustrates the IRFs for an item
with ﬁve response categories. The upper item in Figure 2 shows
a hypothetical item displaying “uniform” DIF which means that
the IRFs estimated for different groups differ in their location,
but not in their shape. Nonuniform DIF refers to IRFs with
different steepness. The lower hypothetical item in Figure 2 illus-
trates an item displaying nonuniform DIF: In group B, the item is
more discriminatory than in group A [11].
This study investigates the Rasch compliance and DIF of
KIDSCREEN in the SPARCLE study. As some children with
learning difﬁculties cannot self-report their QoL, we have exam-
ined both the self-report and parent-proxy versions [12].
Method
Subjects and Settings: Sample from General
Child Population
Data were collected as part of the European KIDSCREEN
Project [7]. In some countries, address sampling was conducted
via computer-assisted telephone interviews. Questionnaires were
sent by post to families who agreed by phone to participate, and
these were ﬁlled in at home and returned to the national centers
in prepaid envelopes. In other countries, the samples were
obtained from schools. The pupils completed the questionnaires
during class time and took home questionnaires for their parents.
The national samples were representative in terms of age and
gender but the proportions of the national samples did not reﬂect
the relative populations of the countries [13].
Subjects and Settings: Sample of Children with
Cerebral Palsy
Data were collected as part of the European SPARCLE Project
[4]. Children with CP were randomly selected from population-
based registers of children with CP in the United Kingdom,
Sweden, France, Ireland, Denmark, and Italy. In Germany, chil-
dren were recruited from multiple sources. Researchers visited
the families at home to administer questionnaires to parents and
children. If possible, a child’s self-reported QoL was captured
using the KIDSCREEN [12]. Parental reports of children’s QoL
were recorded using the KIDSCREEN proxy version.
Items and Variables
The 10 KIDSCREEN dimensions are shown in Table 2. There are
52 items; each asks either the frequency of certain behaviors/
feelings (never-seldom-sometimes-often-always) or the intensity
of an attitude (not at all-slightly-moderately-very-extremely).
The recall period is 1 week. For scoring and analysis, negatively
worded items are recoded so that higher scores indicate better
QoL.
In the KIDSCREEN study, additional information on socio-
demographic characteristics was assessed via self-report from the
children. Socioeconomic status was measured with the Family
Afﬂuence Scale [14]. In the SPARCLE study, information on
sociodemographic characteristics was obtained from parents.
Statistical Analyses
Local independence and unidimensionality. The Rasch model
assumes that the responses to the items in a speciﬁc dimension
reﬂect a single underlying latent trait. In a Rasch-scaled instru-
ment, responses to one item should not inﬂuence responses to
another item. The covariance between item scores of a dimension
should be attributable only to the common latent trait. To assess
such local independence and unidimensionality, a conﬁrmatory
factor analysis was conducted. A one-factor structural equation
model was speciﬁed across all items of a dimension using Lisrel
software (Scientiﬁc Software International Inc., Lincolnwood,
IL). In structural equation model analysis, the data are usually
required to be continuous and normally distributed. As our data
were categorical and often deviates from normal distribution, we
used techniques that took account of this. We used Lisrel’s robust
diagonally weighted least squares techniques to estimate the
model parameters (item loadings and variances of the items).
This technique analyzes asymptotically distribution-free (ADF)
covariances, weighted by the ADF variances [15,16]. The global
goodness-of-ﬁt of the models was assessed with the root mean
square error of approximation (RMSEA) and the comparative ﬁt
index (CFI). A CFI larger than 0.98 or 0.95 and an RMSEA
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Figure 1 Item response functions of an item with
ﬁve response categories: illustration of the IRT con-
cepts of latent trait (theta) and steps (thresholds)
between item response categories.
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lower than 0.06 or 0.08 were assumed to indicate excellent or
adequate ﬁt, respectively [17]; conﬁrming that the speciﬁed one-
factor model could explain the correlation between the items
within a KIDSCREEN dimension well. The adjusted goodness-
of-ﬁt index describes the proportion of variance and covariance
in the item scores which can be described by the model, taking
into account the number of degrees of freedom.
To test for violation of local independence and unidimension-
ality, we examinedwhether substantial residual partial correlation
between the items remained after accounting for the common
factor. The rationale behind this analysis is that sizable residual
correlation could be caused by violation of local independence of
item responses: responding to one item inﬂuences the response to
another item. Alternatively, the residual correlation could be
caused by an additional secondary factor inﬂuencing the response
to two or more items in a particular dimension (deviation from
unidimensionality) [9,18]. Residual correlation above 0.2 was
taken to indicate violation of unidimensionality or of local inde-
pendence [19]. According to Cohen [20], the actual threshold of
0.2 indicates a small to moderate statistical effect size.
Rasch measurement properties. The Rasch properties of KID-
SCREEN using the partial credit model (PCM) [21] were inves-
tigated in the sample of children with CP using WINMIRA
(Assessment Systems Corporation, St. Paul, MN) [22]. The PCM
assumes that items and persons can be ordered on the same
unidimensional latent trait continuum. The PCM is similar to the
conventional Rasch model [23] but allows the item responses to
be in one of several ordered categories whereas the conventional
Rasch model assumes only two possible response categories. The
model assumes that if the latent trait or person parameter (q) is
above a certain step or threshold (d), the response will most likely
fall into a speciﬁc category. Figure 1 illustrates the concept of the
step or threshold parameter. The probability P of a person j
choosing an item response category x on item i is modeled by a
logistic function of the difference between q and d:
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where h labels the response category of item i.
The PCM was chosen from a number of item response models
because it introduces few model parameters, thus enabling robust
parameter estimates [9,24]. Furthermore, it allows use of a
simple algorithm to score the KIDSCREEN item responses [7],
because q can be expressed in terms of the raw sum scores and
does not depend on the actual pattern of item responses [9].
Item parameters were estimated using marginal maximum
likelihood estimation [25]. Person trait level parameters were
estimated using modiﬁed weighted least square estimates [26].
0
0,2
0,4
0,6
0,8
1
-3 -2 -1 0 1 2 3
Latent trait (theta)
P
ro
b
ab
ili
ty
 o
f 
it
em
 r
es
p
o
n
se
 c
at
eg
o
ri
es
0
0,2
0,4
0,6
0,8
1
-3 -2 -1 0 1 2 3
Latent trait (theta)
P
ro
b
ab
ili
ty
 o
f 
it
em
 r
es
p
o
n
se
 c
at
eg
o
ri
es
Hypothetical item1
Hypothetical item2
Figure 2 Illustration of differential item function-
ing (DIF): hypothetical items displaying uniform DIF
(item 1) and nonuniform DIF (item 2) across groups
A and B. Item response functions are solid lines for
group A and dashed lines for group B. Item 1:
responders from group B with the same position
on the latent trait as responders from groupA have
a greater probability of choosing a higher item
response category. Item 2: the item (response cat-
egories) is (are) more discriminative for group B.
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It is important to know whether the responses of children
with CP (or their parents) to the KIDSCREEN items can be
adequately explained by a Rasch model for each dimension, as
this would justify the aggregation of items of a dimension into a
single score which could be treated as being on an interval scale.
Item ﬁt was assessed with the Q-index [27] which compares the
likelihood p(Xobs) of the empirical item response vector to the
maximum p(Xmax) and minimum likelihood p(Xmin) which it
could achieve.
Q
p X p X
p X p X
obs
=
[ ]
[ ]
log ( ) ( )
log ( ) ( )
max
min max
(2)
Q-values above 0.30 or a statistically signiﬁcant (P < 0.05)
deviation of the empirical Q-index from its expected value
(assuming the PCM holds true) indicate that the empirical item
responses cannot be predicted satisfactorily from the model. Such
an item also displays “too low” discriminatory power. In addi-
tion, item ﬁt was examined by the inﬁt mean square statistic (inﬁt
MSQ) which is based on the residuals between the empirical and
the theoretical expected item scores [9]. In line with conventional
criteria [24], a well ﬁtting item would be expected to have an inﬁt
MSQ between 0.7 and 1.3.
Differential item functioning. DIF was examined for every
dimension separately according to the approach described by
Zumbo [11]. The items serve as the dependent variables in ordinal
regression models. First, the -2log(likelihood ratio) c2 and
the Nagelkerke R2 from a logistic regression model (A) with the
dimension score being the only covariate are compared with the
values of a model (B) in which the dimension score and the group
membership are the covariates. The statistical signiﬁcances of the
c2 difference (p[Dc2]) and the R2 difference (DR2) are investigated.
Although p(Dc2) indicates statistically signiﬁcant uniform DIF, the
DR2 gives an impression of effect size. Comparison of the model
(B) with a model (C) (that encompasses the dimension score, the
group membership, and the group membership by dimension
score interaction as covariates) provides information about non-
uniform DIF. The comparison of models (A) and (C) indicates the
overall DIF effect [11]. The rationale behind this analysis is that
CP and GP children may, on average, achieve different scores on a
particular item. However, after controlling for mean trait differ-
ences (regression of the item on the dimension score), the grouping
variable (CP or GP) should not account for any (additional)
variation in the item score (as assessed by regression of the item on
the dimension score and the grouping variable). Furthermore, the
association between the item and the dimension score (discrimi-
nation) should be similar for CP and GP (i.e., no statistical
interaction between grouping variable and dimensional score).
The ordinal logistic regression analyses were conducted with
SPSS 11 (SPSS Inc., Chicago, IL) using the SPSS syntax ﬁle
“running_ologit2.sps” (written by Prof. Dr. Bruno Zumbo, Uni-
versity of Northern British Columbia, Canada) which makes use
of a public domain SPSS macro called “ologit2.inc” (written by
Prof. Dr. Steffen Kühnel, and modiﬁed by John Hendrickx, Uni-
versity of Nijmegen, The Netherlands) [11]. The sample of chil-
dren with CP served as the reference group. Relying solely on the
mere statistical signiﬁcance leads to an inﬂated type I error,
especially in large samples [28]. The magnitude of the difference
provides a better guide for classifying an item as displaying DIF.
Some researchers have proposed a DR2 of 0.035 as the threshold
between neglectable and sizable DIF [28,29], whereas others
have proposed a threshold of 0.020 [19,30]. For the current
study, we decided to apply the stricter thresholds as the more
liberal criteria have been shown to be less sensitive [31,32]. We
therefore considered DR2 over 0.020 and 0.035 as an indicator of
moderate and high DIF, respectively.
The logistic regression DIF approach of Zumbo [11] was
chosen instead of the Mantel–Haenszel and SIBTEST (Assess-
ment Systems Corporation) [33] DIF procedures, because a logis-
tic regression DIF approach has been shown to be superior for
identifying nonuniform DIF [34–36]. The logistic regression
approach provides information about the magnitude of DIF. The
DIF approach implemented in the software WINSTEPS (Win-
steps, Chicago, IL) [37] can only detect uniform DIF and cannot
estimate its magnitude. The latter also applies to the PARSCALE
DIF (Scientiﬁc Software International Inc.) procedure [38]. The
DIF approaches of RUMM (Rumm Laboratory Pty Ltd., Dun-
craig, Western Australia) [39] and that of TESTGRAF (J.O,
Ramsey, McGill University, Montreal, Quebec, Canada) [40]
provide graphical insight into uniform and nonuniform DIF but
cannot directly estimate the magnitude. The same applies for the
likelihood ratio approach proposed by item response theory [41].
For DIF analysis, it is recommended that a puriﬁed target vari-
able is constructed: Items which show DIF are excluded, the scale
score is recalculated, and the DIF analyses are repeated [11,42].
However, in scales with few items, it may be difﬁcult to identify
a set of items free from DIF, because DIF observed in one item
may be because of another item displaying DIF and thereby
inﬂuencing the scale score [43]. However, a simulation study has
shown that the ordinal regression approach is an acceptable
method for detecting DIF in scales with few items [44].
To assess the impact of DIF at the level of a particular scale,
the PCM analysis was repeated separately for both samples with
the item parameters estimated separately. Figure 2 illustrates
this approach in which the step parameter of an item with, for
example, uniform DIF was estimated separately for children
with CP (e.g., group A) and children in the GP (e.g., group B).
The step parameters estimated for group B will be lower than
those estimated for group A. Separate test response functions
(TRFs) were then plotted for the CP and GP children by
summing over all IRFs using MS-EXCEL. These TRFs trace the
probability of scoring a particular sum score in relation to the
estimated latent trait parameter [45]. To examine how DIF in a
particular item could impact upon mean score differences
between children with and without CP, mean group differences
obtained with standard KIDSCREEN Rasch scores were com-
pared with Rasch scores adjusted for the DIF. Rasch scoring
accounts for uniform DIF if the step parameter of an item with,
for example, uniform DIF (upper part of Fig. 2) is estimated
separately for children with CP (e.g., group A) and children in
the GP (e.g., group B). Suppose two children from groups A and
B have similar response patterns or sum scores, respectively.
Then the Rasch PCM person parameter estimate (q) for a group
B responder will be slightly lower than that for a group A
responder. Thereby, the Rasch scoring takes account of the fact
that for responders from group B, the item illustrated in the
upper part of Figure 2 is “easier.”
Results
Sample Characteristics
Children in the general population. The analyses were restricted
to children from countries in the SPARCLE study: Germany,
France, United Kingdom, Ireland, and Sweden. The sample con-
sisted of 3219 children. Table 1 shows the sociodemographic
characteristics of the respondents. Parent reports were available
from 2126 of the German, French, and British children. Table 1
shows considerable differences in the response rates across coun-
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tries and an overall response rate of 50%. To assess potential bias
between responders and nonresponders, short interviews were
carried in a random selection of both groups; there were no
sizable differences between responders and nonresponders
regarding age, gender, and general health status [13].
Children with cerebral palsy. The data from 823 children with
CP were used in the analysis. Self-reported data were available
from 501 of these children. Approximately 25% of the children
with CP were from Italy or Denmark, countries not included in
the KIDSCREEN sample (47% of the parent-proxy test data
were from countries not included in the KIDSCREEN parental
survey). The mean age of the CP sample was similar—but the
proportion of girls was slightly lower than in the GP sample.
Local Independence and Unidimensionality
For the KIDSCREEN self-report dimensions, the tests for unidi-
mensionality and local independence resulted in maximum
residual correlations of 0.19. The speciﬁed one-factor models for
each dimension ﬁtted the data well for the physical, moods and
emotions, parent relations, and ﬁnances dimensions (RMSEA =
0.013–0.074; CFI = 0.986–0.999). For the other dimensions,
slight misﬁt was observed in the RMSEA = 0.093–0.126, but not
the CFI (0.957–0.983). All residual correlations were below the
prespeciﬁed threshold of 0.2 (see Table 2).
For the KIDSCREEN parent-report version, RMSEA indi-
cated acceptable ﬁt of the speciﬁed one-factor models for the
moods and emotions, parents, and social acceptance dimensions
(RMSEA = 0.066–0.077). The CFI indicated acceptable ﬁt for
the moods and emotions, autonomy, parents, social support,
school, social acceptance, and ﬁnances dimensions (CFI = 0.962–
0.996). For the physical, psychological, and self-perception
dimensions, RMSEA clearly indicated misﬁt (RMSEA = 0.134–
0.195), whereas CFI indicated only slight misﬁt (CFI = 0.945–
0.949). Residual correlation above 0.2 was observed for the
correlation of the psychological well-being items “felt pleased
Table 1 Response rate and sociodemographic characteristics of the respondents in children with cerebral palsy and those in the general population
Total Germany France Ireland Sweden United Kingdom Denmark Italy
General population N (children/parent) 3219/2126* 798/797* 512/501* 359/— 406/— 1144/828* — —
Response rate % 50.0 40.6 26.4 82.5 91.2 42.4 — —
Mean age years (SD) 10.3 (1.4) 10.2 (1.3) 10.1 (1.4) 10.5 (0.8) 12.0 (0.0) 9.9 (1.3) — —
Age range 8–12 8–12 8–12 8–12 12–12 8–12 — —
Female (%) 49.8 50.6 51.8 52.9 51.6 46.9 — —
Socioeconomic status† (%)
Low FAS 10.9 10.4 7.0 17.4 — 11.1 — —
Medium FAS 42.5 46.0 44.3 49.4 — 36.9 — —
High FAS 46.6 43.7 48.7 33.1 — 52.2 — —
Disabled N (children/parent) 519/823* 46/75* 89/144* 71/102* 46/84 144/218* 83/115* 40/85*
Response rate % 65.9 100 62.5 91.0 38.0 60.3 80.4 86.7
Mean age years (SD) 10.5 (1.5) 10.3 (1.6) 10.4 (1.4) 10.4 (1.5) 10.9 (1.3) 10.3 (1.4) 10.6 (1.8) 10.6 (1.6)
Age range 8–12 8–12 8–12 8–12 8–12 8–12 8–12 8–12
Female (%) 42.0 37.0 42.7 42.3 52.2 37.5 37.3 60.0
Socioeconomic status† (%)
Parental education above minimum 76.0 84.0 78.9 71.0 91.0 56.3 96.0 80.0
At least one parent working full time 77.0 85.0 89.3 78.0 78.0 61.2 84.0 81.0
*First value = children self-reports/second value = parent reports.
†FAS, Family Afﬂuence Scale (0–3 = low; 4–5 =medium; 6–7 = high).
Table 2 Testing of unidimensionality and local independence of item responses with one-factor conﬁrmatory factor analysis structural equation model,
ﬁt indexes, and largest residual correlation
Dimensions RMSEA CFI AGFI
Maximum absolute residual
correlation and absolute residual
correlation greater than 0.2
(item ¥ item)
Self-report
Physical well-being 0.074 0.986 0.987 0.100 (item 1 ¥ item 3)
Psychological well-being 0.093 0.967 0.972 0.152 (item 2 ¥ item 3)
Moods and emotions 0.022 0.998 0.992 0.076 (item 1 ¥ item 4)
Self-perception 0.098 0.957 0.966 0.179 (item 2 ¥ item 5)
Autonomy 0.098 0.972 0.971 0.159 (item 3 ¥ item 4)
Parent relation and home life 0.013 0.999 0.996 0.068 (item 1 ¥ item 4)
Social support and peers 0.093 0.981 0.982 0.130 (item 2 ¥ item 6)
School environment 0.099 0.977 0.980 0.126 (item 1 ¥ item 6)
Social acceptance and bullying 0.126 0.983 0.955 0.095 (item 1 ¥ item 2)
Financial resources 0.063 0.997 0.995 0.019 (item 1 ¥ item 2)
Proxy report
Physical well-being 0.152 0.948 0.964 0.141 (item 2 ¥ item 4)
Psychological well-being 0.195 0.945 0.959 0.282 (item 4 ¥ item 5)
Moods and emotions 0.066 0.989 0.990 0.109 (item 1 ¥ item 3)
Self-perception 0.134 0.949 0.938 0.249 (item 1 ¥ item 2)
Autonomy 0.101 0.979 0.983 0.097 (item 2 ¥ item 4)
Parent relation and home life 0.077 0.987 0.990 0.094 (item 1 ¥ item 2)
Social support and peers 0.161 0.962 0.973 0.149 (item 5 ¥ item 6)
School environment 0.111 0.981 0.991 0.101 (item 2 ¥ item 4)
Social acceptance and bullying 0.071 0.996 0.990 0.040 (item 1 ¥ item 2)
Financial resources 0.180 0.986 0.989 0.022 (item 1 ¥ item 3)
AGFI, adjusted goodness-of-ﬁt index; CFI, comparative ﬁt index; RMSEA, root mean square error of approximation.
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that alive” with “felt satisﬁed with life” (0.282) and for the
correlation of the self-perception items “happy with the way
he/she is” with “happy with clothes” (0.249).
In summary, the speciﬁed one-factor models ﬁtted the data
reasonablywell formost dimensions but a fewdimensions showed
some evidence of lack of ﬁt. However, this misﬁt was associated
with sizable residual correlation—the prespeciﬁed indicator for
violation of local independence and unidimensionality—only for
the parent-reported dimensions of psychological well-being and
self-perception.
Rasch PCM Analysis
The PCM analysis of the self-report data from children with CP
showed that the items of the KIDSCREEN dimensions ﬁtted the
data well (Q = 0.04–0.16). There were no statistically signiﬁcant
deviations of the observed item response vectors from the theo-
retically expected ones. The PCM analysis of the parent-proxy
version indicated reasonable overall item ﬁt (Q = 0.02–0.19). For
the item “has your child been able to pay attention,” a statisti-
cally signiﬁcant deviation (P < 0.001) was observed: the item
displayed a “too low” discrimination compared with the other
items of the school dimension (Table 2). In order to conﬁrm these
results, the inﬁt mean squares residual was calculated. For the
self-report version inﬁt MSQ, the values between 0.819 and
1.215 indicated reasonable item ﬁt. For most items of the parent-
report, the inﬁt MSQ was between 0.830 and 1.213, indicating a
good item ﬁt. The item “felt jealous of the way other boys/girls
look” was slightly overdiscriminating (inﬁt MSQ = 0.686). This
means that the responses to that item were overly predictive and
thus, deviated from what would be expected from the “probabi-
listic” Rasch model. The lower picture in Figure 2 illustrates this:
Suppose the solid lines represent the IRFs of an item that com-
plies with the Rasch model—then the dashed lines represent the
IRFs of an item that is overdiscriminating. The item “has your
child been able to pay attention” was underdiscriminating (inﬁt
MSQ = 1.636) (Table 3).
Differential Item Functioning between Children with
and without Cerebral Palsy
For the KIDSCREEN self-report, the physical item “have you
been able to run well” displayed moderate uniform DIF
(DR2 = 0.029). For children with the same physical well-being
score, those with CP have a lower probability of selecting a
“better” item response category than those without CP (Table 4).
Table 5 shows the results of the DIF analysis for children
with and without CP for the KIDSCREEN parent-proxy report.
In the physical dimension, the items “has your child been physi-
cally active” and “has your child felt full of energy” displayed
uniform DIF of moderate magnitude (0.020 < DR2 < 0.035).
Children in the GP have a lower probability of choosing a
“better” answer category than children with CP even if they
have the same value of the physical well-being trait parameter.
However, the item “has your child been able to run well” dis-
played high uniform DIF (DR2 = 0.049), with a greater prob-
ability of children in the GP choosing a “better” item answer
category than children with CP who had the same value of the
physical well-being trait parameter. In the self-perception
dimension, the items “has your child been happy with the way
he/she is” and “has your child been worried about the way
he/she looks” showed uniform DIF of moderate magnitude. On
the former item, children with CP had a greater probability of
a “better” item score. On the latter item, children with CP had
a lower probability of a “better” item score. The school item
“has your child been satisﬁed with his/her teachers” displayed
uniform DIF of moderate magnitude (DR2 = 0.020). The school
item “has your child been able to pay attention” displayed high
(DR2 = 0.046) uniform DIF. On the latter item, children with CP
had a lower probability of a “better” item score. On the former
item, CP children had a greater probability of a “better” item
score.
Impact of DIF
The plots displayed in Figure 3 represent the TRFs for the two
KIDSCREEN proxy dimensions which have items that display
high DIF. The TRFs show that for children displaying lower
physical well-being or school well-being person parameters (q),
those with CP could be expected to achieve even lower scores
than their peers without CP but the same low person parameter
(q). Among children with higher physical well-being or school
well-being person parameters (q), those with CP achieve even
higher scores than their peers without CP but the same high
person parameter (q).
Standardized mean differences (SMD) between the children
with and without CP were calculated using 1) the unadjusted
scores; and 2) scores that account for the DIF. For the physical
dimension, the unadjusted (1.09) and adjusted (1.07) SMDs were
similar. For the school dimension, the SMDs were 0.16 (unad-
justed) and 0.34 (adjusted). The SMD of 0.16 indicates a “mar-
ginal” effect whereas the SMD of 0.34 is a “small” effect [20].
Discussion
The Rasch measurement properties of the KIDSCREEN-52
instrument have already been demonstrated in children in the GP
[7,8]. The present study assesses whether the instrument is Rasch
compatible in children with CP and if there is DIF in children
with CP.
All items of the KIDSCREEN-52 self-report version ﬁt the
data well using a Rasch PCM [9]. No violation of local indepen-
dence or unidimensionality was observed. These results indicate
the validity of the KIDSCREEN measurement in children with
CP. Children with CP can be scaled according to their responses
to the KIDSCREEN items using the PCM in the same way as
children in the GP.
For the parent-report version of the KIDSCREEN, the item
“has your child been able to pay attention” of the school dimen-
sion displayed poor item ﬁt according to the PCM. The item was
less discriminating for children with CP than the other items of
the dimension. This suggests that the other school items may
refer more to the child’s happiness at school than to their aca-
demic achievement. For parents of children with CP, “paying
attention” may be an aspect directly associated with their child’s
impairment, whereas school ambiance and even academic
achievement may be independent aspects of their child’s school
life. However, the actual value of the Q-item ﬁt index indicated
that the item could reasonably contribute to the school dimen-
sion. Some small deviation from unidimensionality was observed
in the parent-reported KIDSCREEN dimensions psychological
well-being and self-perception. Yet it is unlikely that this mate-
rially affect the measurement.
There is a broad consensus that the basic cause of DIF is the
presence of multidimensionality in a test [46]. Even if all items
are good indicators of a latent trait, some items may be inﬂu-
enced by “secondary dimensions” which can be classiﬁed as
“auxiliary” if they should be measured, or as “nuisance” other-
wise. Different group mean values on the secondary dimensions
lead to DIF [46]. Only the classiﬁcation of the “secondary dimen-
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sion” as either “auxiliary” or “nuisance” allows the fairness of
an item displaying DIF to be judged [47].
The item “have you been able to run well” of the KID-
SCREEN self-report version displayed moderate uniform DIF.
Children with CP are less likely than children in the GP to
achieve a high QoL score on that item. However, even without
being able to run well, children with CP may experience a high
level of physical well-being. Children with CP may have devel-
oped lower subjective internal standards to judge their physical
well-being, a phenomenon described as “Response-shift” [48].
Table 3 Rasch partial credit model measurement properties of the self-report and parent-proxy KIDSCREEN-52 in the children with CP: item ﬁt and
location parameters
Item labels
KIDSCREEN-52 self-report version KIDSCREEN-52 parent-proxy version
Q-index p (Q)
Item
location* Q-index p (Q)
Item
Location*
Physical well-being N = 471 N = 755
In general, how would you say health is? 0.148 0.318 -0.134 0.134 0.299 -0.276
Have you felt ﬁt and well? 0.093 0.646 -0.312 0.114 0.647 -0.574
Have you been physically active? 0.096 0.528 0.046 0.074 0.791 0.243
Have you been able to run well? 0.091 0.323 0.596 0.098 0.118 1.263
Have you felt full of energy? 0.087 0.681 -0.196 0.108 0.640 -0.656
Psychological well-being N = 490 N = 769
Has your life been enjoyable? 0.099 0.537 0.248 0.059 0.599 0.196
Have you felt pleased that you are alive? 0.159 0.363 -0.254 0.072 0.532 -0.560
Have you felt satisﬁed with your life? 0.099 0.564 0.162 0.071 0.422 0.392
Have you been in a good mood? 0.123 0.417 0.162 0.087 0.296 0.041
Have you felt cheerful? 0.095 0.613 0.139 0.046 0.715 -0.180
Have you had fun? 0.120 0.509 -0.457 0.075 0.430 0.110
Moods and emotions N = 473 N = 751
Have you felt you do everything badly? 0.125 0.463 0.124 0.104 0.468 0.446
Have you felt sad? 0.131 0.469 -0.065 0.113 0.536 1.263
Felt so bad did not want to do anything? 0.105 0.572 -0.211 0.095 0.586 -0.776
Felt that everything in life goes wrong? 0.086 0.643 -0.081 0.070 0.713 -0.117
Have you felt fed up? 0.131 0.395 0.218 0.118 0.402 -0.463
Have you felt lonely? 0.110 0.470 -0.066 0.119 0.373 -0.241
Have you felt under pressure? 0.115 0.459 0.081 0.108 0.420 -0.112
Self-perception N = 484 N = 730
Have you been happy with way you are? 0.122 0.505 -0.130 0.100 0.472 0.545
Have you been happy with your clothes? 0.155 0.423 -0.317 0.153 0.227 0.001
Been worried about the way you look? 0.084 0.536 0.205 0.077 0.625 -0.012
Jealous of the way other girls/boys look? 0.104 0.532 -0.052 0.055 0.752 -0.705
To change something about your body? 0.077 0.504 0.295 0.086 0.417 0.172
Autonomy N = 482 N = 755
Have you had enough time for yourself? 0.101 0.555 -0.151 0.121 0.368 -0.479
To do things you want to do in free time? 0.102 0.537 -0.046 0.086 0.740 -0.172
Had enough opportunity to be outside? 0.111 0.414 -0.017 0.101 0.478 -0.221
Had enough time to meet friends? 0.107 0.364 0.300 0.107 0.289 0.576
Able to choose what to do in free time? 0.088 0.629 -0.086 0.087 0.614 0.295
Parent relation and home life N = 471 N = 757
Have your parent(s) understood you? 0.082 0.565 0.317 0.116 0.371 0.258
Have you felt loved by your parent(s)? 0.107 0.562 -0.552 0.090 0.734 -0.797
Have you been happy at home? 0.119 0.447 -0.235 0.078 0.807 -0.277
Parent(s) had enough time for you? 0.093 0.479 0.247 0.081 0.573 0.130
Have your parent(s) treated you fairly? 0.080 0.541 0.223 0.084 0.584 0.209
Able to talk to parent(s) when wanted to? 0.119 0.404 0.001 0.111 0.112 0.478
Social support and peers N = 478 N = 731
Have you spent time with your friends? 0.080 0.641 -0.050 0.082 0.498 -0.225
Done things with other girls and boys? 0.110 0.256 0.370 0.080 0.365 0.132
Have you had fun with your friends? 0.064 0.768 -0.558 0.061 0.746 -0.700
You and your friends helped each other? 0.076 0.658 0.056 0.060 0.813 0.002
Able to talk about everything with friends? 0.101 0.339 0.267 0.088 0.055 0.602
Been able to rely on your friends? 0.109 0.326 -0.086 0.065 0.593 0.188
School environment N = 488 N = 762
Have you been happy at school? 0.079 0.587 0.131 0.053 0.822 -0.018
Have you got on well at school? 0.095 0.572 -0.141 0.071 0.691 -0.002
Been satisﬁed with your teachers? 0.087 0.537 -0.011 0.063 0.747 -0.226
Have you been able to pay attention? 0.135 0.258 -0.096 0.189 <0.001 0.804
Have you enjoyed going to school? 0.077 0.427 0.415 0.063 0.643 0.064
Got along well with your teachers? 0.076 0.632 -0.297 0.052 0.836 -0.623
Social acceptance and bullying N = 486 N = 771
Been afraid of other girls and boys? 0.104 0.445 -0.302 0.078 0.393 -0.733
Other girls and boys made fun of you? 0.046 0.515 0.348 0.039 0.501 0.628
Have other girls and boys bullied you? 0.058 0.540 -0.047 0.029 0.606 0.106
Financial resources N = 443 N = 649
Enough money to do things as friends? 0.041 0.534 0.035 0.020 0.498 -0.263
Had enough money for your expenses? 0.050 0.466 -0.172 0.017 0.535 -0.087
Money to do things with friends? 0.046 0.500 0.137 0.020 0.466 0.350
*Mean of the item threshold parameters; metric is deﬁned by the mean of all threshold parameters (set to zero) and their SD (set to one); standard error of item location = 0.04–0.08.
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The response to the question about running may depend less on
subjective feelings and more on the objective response to “Can
you run?” This anomaly was predicted by the SPARCLE inves-
tigators before data collection began. They asked if the item
could be changed but were not granted permission, although they
were allowed to move all questions on the physical well-being
dimension from the start of the questionnaire to the end.
The parent-report version of the KIDSCREEN had slightly
more items with DIF, and the DIF had slightly larger effect sizes
than for the KIDSCREEN self-report version. The shortcomings
Table 4 DIF of KIDSCREEN-52 child report version between children with (n = 443–490) and without CP (n = 3219)
Item labels
QoL score Uniform DIF (disability) Nonuniform DIF (disability ¥QoL score) Overall DIF
R2 b* P DR2 b† P DR2 b‡ P DR2
Physical well-being
In general, how would you say health is? 0.4201 0.088 <0.001 0.0026 -0.421 0.956 <0.0001 <0.001 <0.001 0.0026
Have you felt ﬁt and well? 0.5728 0.119 <0.001 0.0106 -0.822 0.064 -0.0006 0.010 <0.001 0.0100
Have you been physically active? 0.4999 0.102 <0.001 0.0028 -0.415 0.793 0.0002 -0.001 <0.001 0.0030
Have you been able to run well? 0.5231 0.108 <0.001 0.0285 1.305 0.001 0.0050 -0.018 <0.001 0.0335
Have you felt full of energy? 0.5550 0.115 <0.001 0.0152 -1.047 0.028 0.0026 -0.012 <0.001 0.0178
Psychological well-being
Has your life been enjoyable? 0.6492 0.152 <0.001 0.0021 0.430 0.816 <0.0001 -0.002 <0.001 0.0021
Have you felt pleased that you are alive? 0.5428 0.121 0.050 0.0009 0.242 <0.001 0.0107 0.045 <0.001 0.0116
Have you felt satisﬁed with your life? 0.6070 0.139 0.011 0.0001 0.272 0.872 <0.0001 0.001 0.039 0.0001
Have you been in a good mood? 0.5532 0.124 <0.001 0.0020 -0.351 0.010 0.0010 -0.017 <0.001 0.0030
Have you felt cheerful? 0.6450 0.150 <0.001 0.0043 -0.607 0.009 0.0013 -0.019 <0.001 0.0056
Have you had fun? 0.5143 0.115 0.009 0.0012 -0.281 0.129 0.0012 -0.011 0.010 0.0024
Moods and emotions
Have you felt you do everything badly? 0.4770 0.104 0.024 0.0003 -0.233 0.016 0.0028 -0.016 0.004 0.0031
Have you felt sad? 0.5670 0.125 <0.001 0.0020 -0.456 0.723 0.0003 -0.002 <0.001 0.0023
Felt so bad did not want to do anything? 0.5191 0.113 0.852 <0.0001 0.022 0.555 <0.0001 0.004 0.825 <0.0001
Felt that everything in life goes wrong? 0.6029 0.134 0.285 <0.0001 -0.128 0.129 0.0014 -0.012 0.179 0.0014
Have you felt fed up? 0.5496 0.120 0.310 <0.0001 -0.105 0.398 <0.0001 0.006 0.398 <0.0001
Have you felt lonely? 0.4922 0.107 0.790 0.0002 0.031 0.306 0.0009 -0.008 0.572 0.0011
Have you felt under pressure? 0.4733 0.103 0.272 0.0006 0.120 0.739 0.0003 -0.002 0.518 0.0009
Self-perception
Have you been happy with way you are? 0.4961 0.097 <0.001 0.0014 -0.386 0.533 -0.0004 0.004 <0.001 0.0010
Have you been happy with your clothes? 0.3305 0.069 0.023 0.0011 -0.246 0.879 <0.0001 0.001 0.074 0.0011
Been worried about the way you look? 0.5509 0.109 <0.001 0.0018 -0.380 <0.001 0.0056 -0.024 <0.001 0.0074
Jealous of the way other girls/boys look? 0.5230 0.103 0.016 0.0010 -0.289 0.611 0.0007 -0.004 0.048 0.0017
To change something about your body? 0.5783 0.115 0.060 0.0008 0.212 0.054 0.0014 -0.013 0.027 0.0022
Autonomy
Have you had enough time for yourself? 0.5491 0.098 <0.001 0.0058 -0.677 0.062 0.0021 -0.010 <0.001 0.0079
To do things you want to do in free time? 0.6341 0.116 <0.001 0.0020 -0.429 0.639 0.0002 -0.003 <0.001 0.0022
Had enough opportunity to be outside? 0.5875 0.105 0.069 0.0005 0.196 0.190 0.0002 0.007 0.081 0.0007
Had enough time to meet friends? 0.5938 0.107 <0.001 0.0024 0.369 0.009 0.0022 -0.014 <0.001 0.0046
Able to choose what to do in free time? 0.5786 0.104 0.001 0.0017 -0.342 0.036 0.0015 -0.011 <0.001 0.0032
Parent relation and home life
Have your parent(s) understood you? 0.6061 0.128 0.604 0.0001 0.056 0.001 0.0026 -0.023 0.004 0.0027
Have you felt loved by your parent(s)? 0.5425 0.112 0.204 0.0004 0.171 0.057 0.0011 0.015 0.073 0.0015
Have you been happy at home? 0.5519 0.114 <0.001 0.0018 -0.428 0.602 0.0005 -0.004 0.001 0.0023
Parent(s) had enough time for you? 0.6014 0.127 0.409 <0.0001 -0.087 0.004 0.0021 -0.019 0.012 0.0021
Have your parent(s) treated you fairly? 0.6200 0.132 0.618 <0.0001 0.058 <0.001 0.0035 -0.025 0.002 0.0035
Able to talk to parent(s) when wanted to? 0.5630 0.117 0.004 0.0018 -0.328 0.381 -0.0003 0.006 0.011 0.0015
Social support and peers
Have you spent time with your friends? 0.5497 0.100 0.242 0.0005 0.121 <0.001 0.0053 -0.020 <0.001 0.0058
Done things with other girls and boys? 0.4652 0.084 0.008 0.0009 -0.259 0.076 0.0016 -0.008 0.006 0.0025
Have you had fun with your friends? 0.6279 0.118 0.028 0.0010 -0.259 0.176 0.0011 -0.008 0.036 0.0021
You and your friends helped each other? 0.6403 0.121 0.262 0.0003 0.119 0.372 0.0005 -0.005 0.358 0.0008
Able to talk about everything with friends? 0.5894 0.108 0.011 0.0006 -0.258 0.143 -0.0005 0.007 0.013 0.0001
Been able to rely on your friends? 0.5889 0.104 0.003 0.0012 -0.318 0.677 -0.0003 0.002 0.012 0.0009
School environment
Have you been happy at school? 0.6772 0.130 0.760 0.0001 0.032 0.014 0.0012 -0.013 0.047 0.0013
Have you got on well at school? 0.5843 0.106 0.821 <0.0001 -0.023 0.558 0.0002 -0.003 0.821 0.0002
Been satisﬁed with your teachers? 0.5995 0.110 0.007 0.0015 -0.283 0.944 <0.0001 <0.001 0.026 0.0015
Have you been able to pay attention? 0.4948 0.089 0.248 0.0001 -0.119 0.020 0.0019 -0.012 0.024 0.0020
Have you enjoyed going to school? 0.6562 0.124 0.061 0.0004 -0.195 0.002 0.0020 -0.018 0.002 0.0024
Got along well with your teachers? 0.6475 0.122 0.002 0.0016 -0.358 0.173 0.0013 -0.008 0.003 0.0029
Social acceptance and bullying
Been afraid of other girls and boys? 0.5944 0.112 0.001 0.0013 -0.440 0.523 -0.0004 0.004 0.004 0.0009
Other girls and boys made fun of you? 0.7812 0.175 0.120 <0.0001 -0.192 0.010 0.0015 -0.019 0.011 0.0015
Have other girls and boys bullied you? 0.7122 0.146 0.239 0.0004 0.169 0.933 <0.0001 -0.001 0.498 0.0004
Financial resources
Enough money to do things as friends? 0.8233 0.140 0.056 0.0002 -0.235 0.102 0.0004 -0.008 0.042 0.0006
Had enough money for your expenses? 0.8016 0.130 0.011 0.0004 -0.314 0.745 0.0001 -0.001 0.036 0.0005
Money to do things with friends? 0.8193 0.138 0.038 0.0006 0.241 0.506 0.0001 -0.003 0.093 0.0007
*OLR coefﬁcient: item on QoL score; standard error = 0.002–0.004.
†OLR coefﬁcient: item on nondisabled (reference group: disabled children) (standard error = 0.10–0.14) controlled for QoL score.
‡OLR coefﬁcient QoL score ¥ nondisabled (reference group: disabled) (standard error = 0.004–0.008) controlled for item on QoL score, and nondisabled (reference group: disabled).
CP, cerebral palsy; DIF, differential item functioning; OLR, ordinal logistic regression; QoL, quality of life.
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of externally evaluated QoL are well known [49]. Furthermore,
our parent-report data included the children with the most severe
CP and it has previously been reported that parent reports cor-
relate with self-report less well in chronically ill children than in
healthy children [50].
As for the children’s self-report, the parent reports on the
item “ability to run well” displayed sizable DIF. The same mecha-
nism discussed for that item in the self-reporting children may
also apply to the parent-proxy reports. Children with CP are
more likely to have a high QoL score on the items “ﬁt and well”
Table 5 DIF of KIDSCREEN-52 parent completion version between children with (n = 649–771) and without CP (n = 2126)
Item labels
QoL score Uniform DIF (disability) Nonuniform DIF (disability ¥QoL score) Overall DIF
R2 b* P DR2 b† P DR2 b‡ P DR2
Physical well-being
In general, how would you say health is? 0.4451 0.086 <0.001 0.0036 -0.381 0.027 0.0028 -0.11 <0.001 0.0064
Have you felt ﬁt and well? 0.5836 0.113 <0.001 0.0258 -1.176 0.064 0.0042 0.025 <0.001 0.0300
Have you been physically active? 0.6764 0.138 <0.001 0.0086 -0.748 0.755 0.0001 -0.002 <0.001 0.0087
Have you been able to run well? 0.7232 0.154 <0.001 0.0489 2.051 0.186 -0.0013 0.008 <0.001 0.0476
Have you felt full of energy? 0.6065 0.119 <0.001 0.0215 -1.144 0.096 -0.0004 0.009 <0.001 0.0211
Psychological well-being
Has your life been enjoyable? 0.7914 0.250 0.007 0.0012 0.288 0.805 <0.0001 0.002 0.026 0.0012
Have you felt pleased that you are alive? 0.7361 0.214 <0.001 0.0017 0.366 0.047 0.0011 0.015 <0.001 0.0028
Have you felt satisﬁed with your life? 0.7629 0.230 <0.001 0.0033 0.469 0.273 0.0002 0.008 <0.001 0.0035
Have you been in a good mood? 0.6860 0.190 <0.001 0.0105 -0.790 0.003 0.0009 0.020 <0.001 0.0114
Have you felt cheerful? 0.8059 0.261 <0.001 0.0056 -0.744 0.137 <0.0001 0.011 <0.001 0.0056
Have you had fun? 0.6865 0.190 0.054 0.0008 0.196 0.210 0.0005 -0.008 0.071 0.0013
Moods and emotions
Have you felt you do everything badly? 0.5779 0.172 <0.001 0.0026 -0.339 0.652 0.0001 -0.003 0.001 0.0027
Have you felt sad? 0.6117 0.185 0.229 0.0003 -0.118 <0.001 0.0026 0.025 <0.001 0.0029
Felt so bad did not want to do anything? 0.5095 0.150 <0.001 0.0134 0.732 0.742 -0.0007 0.003 <0.001 0.0127
Felt that everything in life goes wrong? 0.6694 0.209 0.435 0.0002 -0.085 0.950 <0.0001 0.001 0.736 0.0002
Have you felt fed up? 0.5828 0.174 0.023 0.0011 -0.213 0.019 0.0011 0.017 0.005 0.0022
Have you felt lonely? 0.5005 0.147 0.084 0.0001 0.166 0.924 <0.0001 0.001 0.224 0.0010
Have you felt under pressure? 0.5567 0.165 <0.001 0.0062 -0.505 0.310 -0.0001 0.008 <0.001 0.0061
Self-perception
Have you been happy with way you are? 0.5066 0.124 <0.001 0.0224 0.859 0.002 0.0030 0.018 <0.001 0.0254
Have you been happy with your clothes? 0.4247 0.105 <0.001 0.0040 -0.377 0.007 0.0010 0.016 <0.001 0.0050
Been worried about the way you look? 0.5518 0.136 <0.001 0.0258 -1.028 0.888 0.0002 -0.001 <0.001 0.0260
Jealous of the way other girls/boys look? 0.5688 0.140 <0.001 0.0117 -0.660 0.135 0.0039 -0.013 <0.001 0.0156
To change something about your body? 0.5447 0.134 <0.001 0.0073 0.515 0.635 <0.0001 -0.003 <0.001 0.0072
Autonomy
Have you had enough time for yourself? 0.6079 0.123 <0.001 0.0116 -0.786 0.020 -0.0003 0.012 <0.001 0.0113
To do things you want to do in free time? 0.7249 0.160 <0.001 0.0023 -0.433 0.111 0.0008 -0.008 <0.001 0.0031
Had enough opportunity to be outside? 0.6792 0.144 0.069 0.0005 0.167 <0.001 0.0029 0.020 <0.001 0.0034
Had enough time to meet friends? 0.7067 0.153 <0.001 0.0020 0.310 0.027 -0.0003 0.011 <0.001 0.0017
Able to choose what to do in free time? 0.6733 0.142 0.302 0.0002 0.096 0.036 0.0040 -0.021 <0.001 0.0042
Parent relation and home life
Have your parent(s) understood you? 0.6785 0.178 0.291 0.0004 0.101 0.001 0.0023 0.024 <0.001 0.0027
Have you felt loved by your parent(s)? 0.6449 0.165 <0.001 0.0068 -0.510 0.034 -0.0013 0.019 <0.001 0.0055
Have you been happy at home? 0.6953 0.185 <0.001 0.0033 -0.441 0.359 0.0007 -0.007 0.001 0.0040
Parent(s) had enough time for you? 0.6903 0.183 <0.001 0.0037 -0.464 0.024 0.0010 -0.014 <0.001 0.0047
Have your parent(s) treated you fairly? 0.7200 0.196 <0.001 0.0028 -0.449 0.303 0.0001 -0.006 <0.001 0.0029
Able to talk to parent(s) when wanted to? 0.5890 0.147 <0.001 0.0101 0.649 0.381 0.0009 -0.014 0.011 0.0110
Social support and peers
Have you spent time with your friends? 0.7574 0.156 0.028 0.0011 0.227 0.009 0.0001 0.013 0.003 0.0012
Done things with other girls and boys? 0.7548 0.155 0.632 0.0001 0.048 0.035 -0.0004 0.010 0.006 -0.0003
Have you had fun with your friends? 0.8082 0.181 <0.001 0.0029 -0.595 0.022 0.0004 0.012 <0.001 0.0033
You and your friends helped each other? 0.7860 0.169 <0.001 0.0046 -0.754 0.151 -0.0004 0.007 <0.001 0.0042
Able to talk about everything with friends? 0.7100 0.138 <0.001 0.0064 0.576 0.045 0.0031 -0.010 <0.001 0.0095
Been able to rely on your friends? 0.7530 0.154 0.066 0.0001 -0.181 0.015 0.0027 -0.012 0.009 0.0028
School environment
Have you been happy at school? 0.7643 0.194 <0.001 0.0067 -0.734 0.032 0.0008 -0.012 <0.001 0.0075
Have you got on well at school? 0.7086 0.168 <0.001 0.0043 0.469 0.741 0.0001 -0.002 <0.001 0.0044
Been satisﬁed with your teachers? 0.7057 0.167 <0.001 0.0200 -1.113 0.552 0.0003 -0.003 <0.001 0.0203
Have you been able to pay attention? 0.5005 0.108 <0.001 0.0455 1.305 <0.001 0.0006 0.024 <0.001 0.0461
Have you enjoyed going to school? 0.7404 0.182 0.023 0.0004 -0.216 0.072 0.0008 -0.011 0.015 0.0012
Got along well with your teachers? 0.7455 0.185 <0.001 0.0044 -0.558 0.019 0.0013 -0.015 <0.001 0.0057
Social acceptance and bullying
Been afraid of other girls and boys? 0.7494 0.197 0.003 0.0020 -0.352 0.025 0.0006 0.017 0.001 0.0026
Other girls and boys made fun of you? 0.8382 0.259 0.473 <0.0001 -0.083 0.003 0.0012 -0.022 0.010 0.0012
Have other girls and boys bullied you? 0.8328 0.254 0.015 0.0005 0.331 0.823 0.0001 0.002 0.051 0.0006
Financial resources
Enough money to do things as friends? 0.8658 0.170 <0.001 0.0011 -0.478 0.004 0.0018 -0.013 <0.001 0.0029
Had enough money for your expenses? 0.8806 0.182 0.057 0.0006 0.224 0.956 <0.0001 <0.001 0.163 0.0006
Money to do things with friends? 0.8836 0.184 0.366 0.0002 0.104 0.552 0.0003 -0.003 0.557 0.0005
*OLR coefﬁcient: item on QoL score; standard error = 0.003–0.008.
†OLR coefﬁcient: item on nondisabled (reference group: disabled children) (standard error = 0.09–0.14) controlled for QoL score.
‡OLR coefﬁcient QoL score ¥ nondisabled (reference group: disabled) (standard error = 0.004–0.009) controlled for item on QoL score, and nondisabled (reference group: disabled).
CP, cerebral palsy; DIF, differential item functioning; OLR, ordinal logistic regression; QoL, quality of life.
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and “full of energy” than their peers without CP who have the
same value of the physical well-being personal parameter.
However, these effects might be solely caused by a “technical
reaction” to the large DIF in the item “ability to run” [48].
Children with CP are less likely to reach a high QoL score on
the self-perception item “happy with the way he/she is” but they
are more likely to achieve a high QoL score on the item “worried
about the way he/she looks” than their peers without CP who
have the same value of the self-perception trait parameter.
Parents of children with CP were more likely to respond in
“higher” categories about the appearances of their children than
parents of children without CP.
In the school dimension, the item “ability to pay attention”
displayed sizable DIF. A similar mechanism discussed for the
self-reporting item may be operating. Another school item
showed moderate DIF in the sense that parents of children with
CP were more likely to respond in “better” categories regarding
their children’s satisfaction with teachers than parents of children
without CP who had the same level of school well-being. This
may be because of the large DIF effect in the former item, or
teachers may care for children with CP in a more understanding
and thoughtful way.
The moderate DIF in just one item is unlikely to materially
affect the measurements. Figure 2 shows how the impact of DIF
may depend on the value of the latent trait. In the center, there is
no impact, but scores are biased in different directions at the
extremes. In the KIDSCREEN manual, it is suggested that groups
should be classiﬁed as “low QoL” if their average score differs by
more than 0.5 SD from the population average [7]. For parent-
rated physical well-being and school well-being, these thresholds
would be around 1.04 and 0.95, respectively. Figure 2 shows that
the DIF impact is not large at these benchmarks, so the DIF
impact on screening for high-risk groups might be negligible.
For school well-being, a meaningful difference between
adjusted and unadjusted SMDs was observed. Most respondents
were located in an area with large DIF impact on the school
latent trait continuum (above the intersection point of the TRFs
shown in Fig. 3). Thus, adjusting for DIF would be an alternative
way to score the children with CP. On the physical latent trait
continuum, most respondents were located around the intersec-
tion point of the TRFs, where the impact of DIF would be less
marked.
A methodological limitation is that the CP and GP samples
differ in terms of the proportion of children of each nationality.
The observed DIF results might be confounded by this. However,
previous analysis of cross-cultural DIF revealed negligible effects
in the KIDSCREEN scales [7,8]. Another potential confounding
factor is the different design and settings of the KIDSCREEN and
the SPARCLE study.
Conclusion
It is possible to scale responses from children with CP to the
KIDSCREEN-52 according to the Rasch PCM model. Our
results indicate that the KIDSCREEN-52 items were understood
in the same way by children with and without CP. Comparisons
of QoL scores in children with CP and in the GP [5] are thus
likely to reﬂect true comparisons of the underlying traits.
Further research might focus on explicit testing of prior
hypotheses regarding which items are expected to show DIF, in
order to assess whether our reported ﬁndings can be conﬁrmed.
The current study illustrates how psychometricians could go
about examining Rasch measurement properties, unidimension-
ality, and DIF in population subgroups (deﬁned by e.g., speciﬁc
health condition, cultural, socioeconomic, or sociodemographic
background). At least the examination of unidimensionality and
DIF can be considered as relevant for each psychosocial multi-
item scale—whether Rasch model-based or not.
Source of ﬁnancial support: The KIDSCREEN and SPARCLE Projects
were funded by grants of the European Commission (EC Grant Numbers
QLG-CT-2000-00751 and QLG5-CT-2002-00636). There was no direct
ﬁnancial support for the preparation of the article.
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